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PREVALENCE OF Trypanosoma cruzi AND Leishmania chagasi INFECTION AND RISK FACTORS IN A
COLOMBIAN INDIGENOUS POPULATION
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SUMMARY

This study was carried out in order to obtain base-line data concerning the epidemiology of American Visceral Leishmaniasis and
Chagas’ Disease in an indigenous population with whom the government is starting a dwelling improvement programme. Information
was collected from 242 dwellings (1,440 people), by means of house to house interviews about socio-economic and environmental
factors associated witheishmania chagasind Trypanosoma cruziransmission risk. A leishmanin skin test was applied to 385
people and 454 blood samples were collected on filter paper in order toldetemfjasantibodies by ELISA and IFAT arl cruzi
antibodies by ELISA.

T. cruziseroprevalence was 8.7% by ELISAchagasiwas 4.6% and 5.1% by IFAT and ELISA, respectively. ELISA sensitivity
and specificity fol.. chagasiantibodiesvere 57% and 97.5% respectively, as compared to the IFAT. Leishmanin skin test positivity
was 19%L. chagasinfection prevalencdeingdefined as a positive result in the three-immunodiagnostic tests, was 17.1%. Additionally,
2.7% of the population studied was positive to liotthagasandT. cruzi,showing a possible cross-reactibnchagasiandT. cruzi
seropositivity increased with age, while no association with gender was observed. Age (p<0.007), number of inhabitants (p<0.05)
floor material (p<0.03) and recognition of vector (p<0.01) were associated.withziinfection, whilst age ( p<0.007) and dwelling
improvement (p<0.02) were associated wittrchagasiinfection. It is necessary to evaluate the long-term impact of the dwelling
improvement programme on these parasitic infections in this community.
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INTRODUCTION municipality of Coyaima, which makes it one of the country’s most
important foct.

The Tripanosomatidae which affect man in America are from the
Leishmaniaand Trypanosomagenera. The first combines different On the other hand, the estimated figures for human infectiorTwith
leishmaniasis species, within whitkishmania chagass found. The cruziin Colombiaoscillate between 1,200,000 and 1,700,000 inhabitants
American Visceral Leishmaniasis’ (AVL) causative agent; within theand some 40,000 new cases occur every year, principally in regions
second is foundrypanosoma cruzithe causative agent of American situated below 2,000 metres above sea-level and which coincide with
trypanosomiasis. These parasitoses occupy shared ecologicatlitiches the distribution of the principal vector in ColombRhodnius prolixus,
many parts of America, from the south of the United States to Argentinan the departments of Guajira, Cesar, Santander, Boyaca, Arauca,
which allow simultaneous evaluation of the two entities. Casanare, Cundinamarca, Tolima, Meta, Huila, Caqueta, Bolivar and

Calda%’!t Some blood-bank seroprevalence studies from endemic zones

In Colombia, AVL was described for the first time in 1944 by GAST in the departments of Santander, Norte de Santander, Tolima, Boyaca,
GALVIS in a patient from the State of Santartfiéfter notification of Cundinamarca, Meta, Huila, Guajira, Cesar, Arauca, Casanare and
this AVL case, almost 20 years (1960) passed until two new cases we€aqueta, show levels oscillating between 3% ant'&%
reported”. From 1981 onwards, more than 600 new cases have been
recorded, which can be explained by amongst other aspects, the Inthe municipality of Coyaim&. prolixuswas found in habitations
suspension of DDT spraying in chagasisynanthropic foci and an  and to be infected with. cruziandT. rangelt®. Some previous serological
improvement in the diagnosis and reporting of the diséade Tolima  surveys revealed active trypanosome transmi&sidowever, until the
department is the region of the country where most visceral leishmaniagisesent, no studies have been initiated to allow the magnitude of American
cases have been registered since 1981; 37.3% corresponded to thganosomiasis in this region to be established.
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According to the characteristics of the region in question, itis  Inthe chosen localities, 242 homes (100% of the total) were surveyed
necessary to establish the dynamics of the two entities’ transmission, tmuring 1995-1996, concerning risk, socio-economic and environmental
means of the evaluation of the different ecological, socio-economic anfhctors associated with. chagasiand T. cruzitransmission such as:
cultural factors, which influence its transmission chain. This study wasiumber of years as householders, overcrowding, type of housing, roof,
intended to learn aboiit cruziandL. chagasinfection prevalence and floor and wall materials, public services to the housing, prevention
their possible relationship with reservoirs, vectors and associated rigkieasures taken for vector control such as spraying and use of mosquito-
factors. Given that these parasitoses are determined, for the greater pariting, vector presence and identification, reservoir presence, possession
by housing conditions, the study allowed base-line information to bef animals and housing modification.
obtained concerning epidemiological aspects in order to evaluate the
impact of a housing modification and improvement programme on the The survey revealed a population of 1,440 people of indigenous
prevalence of these diseases. This programme was initiated by tkethnology, with equal gender proportions (sexes) and showed that of the
government due to the 1991 epidemic in this municipality and consiste#42 homes, 124 had been included in the housing modification and
of peridomiciliary changes, latrine, farmyard and kitchen constructionmprovement programme.
and domestic changes such as modifications to walls, roof and/or floor.

The procedure which was applied will be described next, previous
MATERIALS AND METHODS written consent having been obtained from the 538 people who made up
the sample. The sample presented the same age and gender distribution
The study was carried out in the municipality of Coyaima, locatedas the original population.
in the Tolima department, covering an area of 667 Kime town centre
is located at 03° 48' 09" latitude North and 75° 11' 54" longitude West  The Montenegro test was applied to the whole sample, reading of
and 350 m altitude (Fig. 2) The average temperature is 28.2 °C, with which was only possible for 385 people, 48 hours after inoculation,
an annual rainfall of 1,502 mm. The surrounding land is distributedndividuals with=4 mm indurations being considered to be positive.
between thermic, hot and mild levels. Economic activities of greatesThe test was made with. chagasipromastigote soluble extract,
importance are agriculture, dairy-farming and mining. Principal cropscontaining 25ug/ml parasite protein, manufactured at the Instituto
are coffee, sesame seeds, maize and millo. Precious metal, lime aNécional de Salud according to previously described methodblogy
barita mines are being worked.
Blood samples were taken from 454 people, from the sample’s total
538, on Whattman #3 filter paper on which tests to deteriiiceuzi
andL. chagasiantibodies were carried out utilizifgLISA and IFAT
(Indirect Fluorescence Antibody Test) techniques, according to previously
described methodology. IFAT was carried out following CAMARGO
DE SOUZA & CAMARGO“and CORREDOR & LOPEZ’s procedufes
The ELISA was made according to BARTLEET al*, usingT. cruzi
and L. chagasisoluble antigen in 0.75g/ml and 500ug/ml
concentrations respectively and 1:1,000.ioruziand 1:50 i.. chagasi
Optical densities greater than 0.4 and 0.5 were considered to be ELISA
positive forT. cruziandL. chagasiTitres equal to or greater than 1:32
for the IFAT test were considered to be positive lfocchagasi All
individuals who proved to be positive, in any of the tests, were submitted
to a clinical examination looking for possible signs of Chagas’ disease
or AVL.

1. Doyare Centro
2. Doyare Esmeralda

Fig. 1 - Municipality of Coyaima, Tolima located in the centre of the country.

The search for AVL infection in domestic reservoirs was carried out
According to the 1993 census, Coyaima has a population obn 22 dogs belonging to houses where seropositive individuals or those
approximately 23,303 inhabitants, 90% of whom belong to the Indiarteactive to leishmanina fdr. chagasiwere found. These dogs were
community and live in the rural zone. 84% of the inhabitants haveevaluated by clinical examination and direct smear of the popliteal
unsatisfactory basic necessities and levels of illiteracy were 24.2% faganglion haemolymph.
men and 32.6% for wom&n
Phlebotomine captures were undertaken for 10 days, inside the
The study area was established in the following way: housing's living space as well as in the peridomiciliary area where positive
During the 1977-1995 period, the Coyaima hospital attended 168ases were registered. Forest samples were also taken from form-wooded
parasitologically confirmed cases of visceral leishmaniasis. From thigreas close to the housing. These samples were taken during dawn and
information, the study area was established; the two localities from whichightfall hours (approximately 8 hours/day/person) during the month of
the greatest number of cases came and in which the housing modificatigaly, using automatic and manual aspirators on human and animal bait
programme had been initiated at least two years before, due to the cholgthicken, pigs, cattle and dogs). Captured Phlebotomines were stored in
epidemic, being selected. The localities of Doyare Centro and Doyarg0% alcohol and information concerning day, hour and capture site were
Esmeralda were thus chosen. noted. The insects so collected were identified in the Universidad
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Table 1
L. chagasiandT. cruziinfection positivity in an Indigenous Community. Coyaima. 1996

L. chagasi T. cruzi

INFECTION INFECTION

ELISA IFAT Montenegro Skin ELISA

Test

# % # % # % # %
POSITIVE 23 5.1 21 4.6 73 19.0 39 8.7
NEGATIVE 431 949 433 954 312 81.0 409 91.3
TOTAL 454 100 454 100 385 100 448 100

Nacional de Colombia Biology laboratories. Dissection was not used imas observed in the 20-29 and 40-49 year old groups (Figure 3). The

the search fok. chagasinatural infection nor was housing inspected in ELISA test showed a 57% sensitivity and 97.5% specificity as opposed

the search for triatomine bugs. to IFAT (routine test used for LVA diagnosis by National Institute of
Health of Colombia) (Table 2). Serological positivity with both tests

For risk factor analysis, a house was considered positive when oréFAT and ELISA) had an 80.4% agreement with the Montenegro test
or more individuals living in it were positive by any of the tests performed(Table 3). 2.7% of the people were simultaneously positive fdragasi

andT. cruzj indicating a possible crossed reaction or a mixed infection

The proportions were compared by 9%€st and Fischer test when since individuals were encountered who were serologically positive for
necessary. The EPIINFO programme version 5@4ds used to make T. cruziand negative fok. chagasias determined by MST.
these tests.

No differences were observed between positivity with respect to
RESULTS gender fofT. cruzinor for L. chagasi Serologically reactive individuals
did not show important clinical alterations compatible with AVL or
Seroprevalence Chagas’ disease.

The ELISA test was positive in 8.7% for cruziantibodiesForL.
chagasj ELISA and IFAT positivity was 5.1% and 4.6% respectively.
Montenegro Skin Test (MST) was 19.0% (Table 1). If all individuals
positive for any one of the three immunodiagnostic methods are
considered to bk. chagaspositive cases, then positivity was 23.3%.

The positivity of the MST (reactive individuals over population
examined) showed a statistically significant progressive increase witt
age (p< 0.05) (Figure 2).

PERCENTAGE

In the case of. cruziinfection as evaluated by ELISA, positivity
increased with age and then decreased in the 40-49 year old group (Figu

0,0

3). L. chagasiantibody detection was carried out by ELISA as well as 09 10-18 2020 @3 4040 5055 6040 >70
IFAT, finding a progressive increase with age, however a diminution AGE GROUPS  (years) T. cruzi Ab
————— L. chagasi Ab
45,0
> 400 T 40,0 Fig. 3- Seroprevalence by. cruziandL. chagasiby age groups.
Z 350 T
§ 300 T
5 250 T Table 2
“g} 200 + Comparison between serological testslfochagasiantibody detection.
T 150 & Coyaima, 1996
§ 10,0 7
50 71 IFAT
0,0 t t t
2 2 § § § E § R ELISA POSITIVE NEGATIVE TOTAL
S « ™ < [rs) ©
Age groups (years) POSITIVE 12 11 23
NEGATIVE 9 422 431
Fig. 2 - Montenegro skin test by age groups. Coyaima. 1996. TOTAL 21 433 454
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Housing and risk factors. presence and identification, number of inhabitants per house and flooring
1. 100% of the housing studied did not have a drinking-water supplymaterial inT. cruziinfection, whilst withL. chagasionly association
nor electric light and only housing included in the modification with housing modification was found (Table 4).
programme had excretion disposal facilities (latrines or fixed sanitary
ware). Entomology
In the entomological study 42itzomyiasamples were found, which
2. 50.6% of the houses presented earth floors and 90.1% bahareqwere identified as beirg cayannensiandL. longipalpisL. longipalpis
(wooden-slat) walls. was found with greater frequency, a specie demonstrated to be the
principal vector ot.. chagasin America. It is interesting to note that in
3. 84.7% and 84.5% of the population did not use repellent nor mosquitspite of the low number of samples collected, various of these were
netting respectively. found in the housing’s walls, demonstrating intradomiciliary habits. In
the majority of the homes farmyards with domestic animals (chicken,
4. 86.3% recognized the vectors of the entities studied and 91% haugs) were found near the housing, a situation which increased the
seen wild reservoirs near their housing. lutzomyias population, facilitating transmission. However, it is necessary
to carry out vectorial studies in different seasons of the year to determine
Table 4 describes the housing’s principal characteristics and differerthe months of greatest density.
risk factors for risks associated with cruziandL. chagasipositivity.
Statistically significant associations were encountered with vector Regarding the domestic reservoir study, the 22 dogs studied proved
to be negative.

_ Table 3 _ _ i _ DISCUSSION
Comparison of Serology and Montenegro Skin Test. iohagasiinfection

detection. Coyaima, 1996 The 19% positivity found in the Montenegro Skin Test, is low when

compared to results obtained in other zones of the country. In Cérdoba
SEROLOGY MONTENEGRO FREQUENCY PERCENTAGE 409%#°was found and 51.2% in Cundinamarddowever, this positivity

ELISA and/or TEST (%) is similar to that found in endemic regions of AféR#& As this test has
IFAT high specificity and cutaneous leishmaniasis was not found in the zone
+ + 11 37 studied, the allergic index, as well as the increase in positivity level with
+ ) 10 3.0 age, confirms active. chagasiinfection transmissian
- + 49 16.5 ) ) o
} _ 230 76.7 L. chagasiserological prevalence was found to be similar to that
observed in other seroepidemiological stutfie® Serological values
TOTAL 300 100 diminished over time whilst cellular immunity measured by Montenegro

test remained positite 3.0% of theT. cruziandL. chagasserologically
positive but MST negative people could be explained by the possible

Table 4 crossed reactions betwekrishmaniaand Trypanosomaas has been
Relationship between housing characteristics and risk factors associated witAreviously reportedl. Additionally, when comparing these serological
T. cruziandL. chagasinfection. Coyaima, 1996 tests, ELISA and IFAT, with the Montenegro test high concordance is
observed, 80.4%, if compared with that published by BADARA@I,
ASSOCIATED CASE CASE showed a 47% concordance in Brazil
RISK FACTORS INFECTION INFECTION . . . - . .
. ; L. chagasiinfection in the majority of cases is not clinically
T. cruzi L. chagasi . ) ) . y e e X .
manifested, which explains the high positivity in immunodiagnostic tests
and the low presence of clinical cases of AVL. Thus, in this study, the
_ - X2 P S P positive people were not found to be ill and showed that they had not
Housing Modification 2 0.15 532  0.02* previously presented a picture compatible with AVL. However, it must
Wall Material 0 0.99 2.52 0.11 not be forgotten that infected patients do not present the disease, thanks
Flooring Material 4.32 0.03* 1.69 0.19 to the immune system’s efficient action; but, once this system is altered
Cement Leishmaniabehaves as an opportunistic parasite as is shown in AIDS
Earth patients, in the world’s different endemic zo¥es
Housing Fumigation 0.51 0.47 0.53 0.96
Use of mosquito netting  0.01 0.93 0.56 0.45 If the IFAT is considered to be the gold-standard, it is seen that ELISA
Possesion of animals 0.01 0.93 0.48 0.49  nhas low sensitivity and high specificity for detectinghagasantibodies
Possesion of dOgS 1.11 0.29 0.03 0.85 as has been reported by other autices
Vector Identification 5.65 0.01* 3.27 0.07
# inhabitants per house  3.86  0.049*  0.43 0.5 When comparing positivity by gender, no difference was shown in
< 2 inhabitants any age group, which suggests that the exposure risk is equal amongst
> 2 inhabitants women and men.
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“IN VIVO” AND “IN VITRO” DEMONSTRATION OF HEMOGLOBIN C CRYSTALS IN
NON-SPLENECTOMIZED PATIENTS

J.T.de ARAUJO(1), A.C. BATISSOCO(2) & L. BODEMEIER(3)

SUMMARY

We studied 12 Hb C carriers: 4 homozygotic Hb CC and 8 heterozygotic. We observed the presence of free crystals in the
peripheral blood of the homozygotes but in none of the heterozygotes. However, after incubation with 3% NaCl we wereeable to de
crystals in the heterozygotes (Hb AC and Hb SC), and in the homozygotes (Hb CC). In patient 04 (P04) less crystals forrmation oc
due to inhibition of the process by the presence of elevated levels of Hb F (12.2%). All the homozygotic patients hacgalglehom
3 to 6 fingerbreadths. We believe that the spleen wears off with time, thus allowing the passage of crystals to the g b
finding might be associated with splenic insufficiency without a reduction of its dimensions. Finally, the finding of icryktals
peripheral blood permitted the diagnosis of Hb C obviating the need for electrophoresis.

KEYWORDS: Hemoglobin C; Crystal; Non-splenectomized

INTRODUCTION common optical microscope. In Hb E, thalassemia, and certain liver diseases
typical target cells can be seen which differ from the ones observed in Hb
In 1950 ITANO & NEEL* described a new hemoglobin and C were both intra and extra-erythrocytic crystals are found even with the
named it hemoglobin C (Hb C). In 1953 SPAEfTal'® described a  spleen present. FABR¥t al’, mention that only in smears of
second case and soon thereafter RANNE L report the third one  splenectomized Hb C patients can the crystals be seen, as these crysta
with the curious observation of many target red blood cells in the patientwould be all removed by the spleen. Therefore, when splenectomy is
peripheral blood smear. performed, the resistance of the splenic network certainly disappears anc
consequently liberates these crystals. It is also hypothesized that as the
DIGGS et al® in 1954 described intra-erythrocytic crystals in the splenic network wears off with time, splenic function in Hb C patients
peripheral blood of Hb C bearers, thus emphasizing that target cells wedéminishes which leads to increasing amounts of the crystals in the
in reality crystals of Hb C and the presence of free rods identified aperipheral blood with age. In sickle cell disease patients we know that
crystals also caught his attention. fibrosis followed by splenic involution does occur, many times reducing
the spleen to a single nodule. However, in patients homozygotic for Hb C,
The main defect of Hb C is the substitution of the glutamic acidalthough a reduction in splenic size does not occur, the progressive decreas
residue at position 6 of the N-terminal of the beta chain by a lysine, whilsh function is a fact that explains the finding of crystals in peripheral blood.
in sickle cell disease the presence of Hb S is due to the substitution of this
same residue by a valine. ADACHI & ASAKURA, 1979 studied Hb C crystals using a
concentrated fosfate buffer and were able to identify numerous intra and
This phenomenon explains the morphological variations of theextraerythrocytic crystals of this hemoglobin in the blood of Hb C carriers.
erythrocytes: forming crystals in Hb C, and sickle cells in Hb S, thus=FABRY et al, 1981 performed the same study using a 3% NacCl solution,
yielding it possible to identify these two different diseases by simplyand the resulting crystals were named by ROZENBERESsickling for
looking at peripheral blood smears. Hb C, in contrast to red cells containing Hb S.

In our opinion, the red cells described by RANN&ML* contained Although both Hb C and Hb S arise from the African continent,
Hb C crystals within them and were morphologically different from the SUTCHARITCHAN et al*® performing molecular studies, were able to
ones seen in Hb E, thalassemia, and certain liver diseases which are riglgntify the Hb C gene in Thailandese natives, thus demonstrating a non-
target cells. Based on our experience it is possible to identify wether an Hifrican origin for Hb C.
is of the C or E type simply by analyzing peripheral blood smears using a

(1) Médico Hematologista, Disciplina de Hematologia, HCFMUSP, Chefe responsavel do Laboratério de Diagnostico e Investigagdogtizbinopatias e Talassemias do Instituto de
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(2) Farmacéutica-Bioquimica, aprimoranda do Laboratério de Diagndstico e Investigagdo de Hemoglobinopatias e Talasserrl&-NUSH Sdo Paulo, SP, Brasil.
(3) Biomédica do Laboratério de Diagnéstico e Investigacéo de Hemoglobinopatias e Talassemias do IMT-HCFMUSP, Séo Pasilo, SP, Br
Correspondence to:Prof. Dr. Jodo Targino de Araujo, Instituto de Medicina Tropical de S&o Paulo, Av. Dr. Enéas de Carvalho Aguiar 470, (B@%&00, SP, Brasil.
235



CORREDOR ARJONA, A.; ALVAREZ MORENO, C.A.; AGUDELO, C.A.; BUENO, M.; LOPEZ, M.C.; CACERES, E.; REYES, P.; DUQUE BELTRAN, ALBRON, L.E. &

SANTACRUZ, M.M. — Prevalence drypanosoma cruandLeishmania chagasnfection and risk factors in a Colombian indigenous populaien. Inst. Med. trop. S. Paulo, 4):
229-234,1999.

- - AT ML then analyzed by pH 8.6 cellulose acetate electrophoresis, and pH 6.2 agar
Vi f . v 0&1 {g yzed by p p pH6.2ag

gel. The fractions were measured after eldtj@amd Hb F was quantitated
by the Betke methdd

In order to demonstrate the crystals, we used a hypertonic 3% NaCl
solution, and also a phosphate buffer with a pH of 7.4 and®1.8M

The technique consisted of placing one drop of total blood and 2 drops
of the 3% NacCl solutiofin a test tube and then incubating at 37 °C for 4
hours. An identical procedure was performed using the phosphate buffer
with a pH of 7.4 and 1.8M

The blood smears were stained with the Leishman method, and the
crystals could be easily identified with the common optical microscope
(Figure 1).

RESULTS

In the 50 samples of normal donors (negative controls) no intra or
extra-erythrocytic crystals formation was observed.

The highest amount of crystals formation was seen in the homo-
zygotics for Hb C, whilst the lower amount occurred in the heterozygotes
for Hb AC. An amount of crystals intermediate between Hb CC and Hb
AS was found in the Hb SC cases (Fig. 1 and Fig. 2).

Also, a lower amount of crystals was present in those homozygotes
for Hb C that had higher levels of Fetal Hb (Table 1).

Table 1
Concentration of hemoglobin in both states homozygotic and
heterozygotic,
and the presence of crystals

Fig. 2 - “In vitro” demonstration of tetrahedrical crystals of Hb CC in the peripheral blood % Hb A % Hb C % Hb S 9% Hb Fetal
of non-splenectomized patients. Arrows indicate one crystal out of erythrocyte and many
crystals inside erythrocytes. P1 Hb CC 98.7 13
P2 Hb CC 98.3 1.7
The incidence of Hb Cis 17 to 28 % in Western Africa, in the vicinitiesP3 Hb CC 98.4 1.6
of Northern Ghana. Up to the present date, no reasonable explanati®# Hb CC 77.8 12.2
accounts for this high occurrerice P5 Hb AC 58.8 40.0 1.2
) . o . P6 Hb AC 57.8 40.6 1.6
In Brazil, ARAUJOet al®, reporte_d an incidence of Q.6 to 1.0% of Hb p Hb AC 58.9 39.8 13
C by means of crystals demonstration. He also described rare cases of'_;l
. i Hb AC 58.5 40.1 14
Cin Italian and Portuguese descendants.
P9 Hb SC 45.5 51.1 3.4
METHODS AND MATERIALS P10 Hb SC 48.9 50.3 0.8
P11 HbSC 48.3 51.0 0.8
During our analysis we identified 4 non-splenectomized carriers oP12 Hb SC 44.6 54.5 0.9

Hb CC, 4 of Hb AC, and also 4 of Hb SC. We studied Hb C crystals in aff
the carriers, both after incubation with a phosphate buffer and a 3% NaCl Visualization of the crystals was better with the phosphate buffer at
solution. pH 7.4 and 1.8M than with the 3% NaCl solution.

We also analyzed 50 normal blood samples as a negative control for The concentration of Hb C measured by electrophoresis was of 30 to
the crystals. 40% for AC heterozygotes and of 40 to 5886 the SC. As for the
homozygotes the concentration of Hb C was of 98% with the remaining
The blood samples were collected with anticoagulant (EDTA), washe@% consisting of Fetal Hb, excepting those cases where there is an increase
3 times in saline, hemolysed to a 10 g% hemoglobin concentration, arid Hb F which reaches a concentration of 12.2% (Fig. 3).
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the presence of these in the non-splenectomized carriers of Hb C by mean:
AS of the 3% NacCl solution technique.

i ‘ At our laboratory, we routinely examine the peripheral blood smears

without prior knowledge of the diagnosis. In all cases, the crystals allowed
us to identify the smears as proceeding from Hb C patients, which was
further confirmed by electrophoresis. Due to this fact, we concluded that
the spleen is unable to retain all the crystals containing red cells or even the
free crystals (Figure 2). We believe that over time, as the spleen retains the
crystals of Hb C the network becomes insufficient and thus allows the
crystals to appear in the peripheral blood.

SC

AC

The spleen undergoes regression in sickle cell disease, in contrast tc
homozygotic Hb C disease where the spleen remains enlarged, and nc
regression occurs. This does not mean, however, that damage due t
crystals deposition does not occur. In fact, the crystals can be seen in
simple X-Rays of the spleen.

55

sC

Also, lower amounts of crystals are formed when comparing patients
with Hb C that present with high levels of Fetal hemoglobin in relation to
AA those with normal levels.

HIRSCHet al® demonstrated that Hb F inhibits the crystallization of
Hb C when compared to Hb A. The same is true f¢oA?) although to
a lesser extent than Hb B?(?). These authors performed a study
comparing the inhibitory potentials of the garyjedglta §) chains. These
chains both differ from the betg)(chain at 12 substitution sites, whilst
having 4 residues in common located at positions 2&Gnd 87. The
two former residues are probably not responsible for the phenomenon, as
rt]hey involve substitutions exhibiting similar proprieties. Position 22,
however, although a common point in both gaypaiid deltagd) chains,
involves different substitutions. The gama ¢hain posseses an Asp
substituting a Glu, whilst at the de{tg chain the Glu is substituted by a

DISCUSSION Val. We are left with position 87 were Thr is substituted for Gli in both the
gama {) and delta §) chains, and is therefore responsible for the

The spleen’s clearing function, also known as “culling”, refers to thecrystallization of Hb C. In addition, this is the same residue that inhibits
organ’s capacity of removing aged, dysmorphic, deformed, agglutinatedhe polymerization of Hb S by HzAndHb P
antibody or complement coated erythrocytes, and erythrocytic corpuscles
(or bodiesy. Hb Lepore-Washington originates from a mutation where a fusion

between the beta and delta chains occurs, with substitution of only 6

This is the reason why a normal spleen would remove any free Hb @sidues. The resulting Hb is also able to inhibit Hb C crystals formation
crystals occasionally present in the circulation. However, even a normallbeit in lesser degrees if compared to Ramd Hb F. Consequently, this
splenic function might permit a few crystals containing erythrocytes toobservation suggests that the Gli 87 residue is in fact responsible for the
reach the circulation, and this accounts for the finding of these crystals imhibition of Hb C crystals formation. Nevertheless, in agreement with
the peripheral blood of homozygotic Hb C carriers. HIRSCHet al8, the varied intensities of inhibition among the different

hemoglobins enable us to conclude that there may be two possible

When an individual undergoes splenectomy, the peripheral blood magixplanations: the first is that this variation is probably due to the differences
show red cells with crystals similar to sickling forms, free crystals, andn hemoglobin molecular conformations, and the second is that residue 87
also Heinz and Howell-Jolly bodiés is not the only culprit. In this case, the other residues located between
positions 88 and 146 might merit consideration.

AC

CC

Fig. 3 - Hemoglobin electrophoresis by pH 8.6 agar gel demonstrating the differences i
mobility of the hemoglobin fraction.

DIGGSetal®in 1954, and posteriorly FABRM al, 1987 demonstrated
the presence of Hb C crystals in the peripheral blood of splenectomized and Therefore, Fetal Hb with theGli 87 residue partially inhibits Hb C
non-splenectomized patients. This is probably due to the fact the splenigystallization, whilst Hb S speeds up the process. This fact definetely
network is many times unable to retain all the red cells with crystals, thusemonstrates the existence of intra-erythrocytic crystals in the oxygenated
permitting their identification in the peripheral blood. form of the red blood cells of Hb SC individuals. Hb S might speed up
crystallization due to the fact the phosphate buffer renders it insbluble
ROZENBERG?* using photographs, demonstrated the presence of
crystals in the peripheral blood of individuals with Hb C, and also confirmed  The best visualization of the crystals occurred with the 1.8M
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phosphate buffer at a pH of 7.4 using the common optical microscope$. CHARACHE, S.; CONLEY, C.L.; WAUGH, D.F.; UGORETZ, R.J. & SPURRELL, J.R. -

due to the fact Hb C is less soluble than Hb A in these conditions. Pathogenesis of hemolytic anemia in homozygous hemoglobin C dideabe.
Invest., 46:1795-1811, 1967.

RESUMO 6. DIGGS, L.W.; KRAUS, A.P.; MORRISSON, D.B. & RUDNICKI, R.P.T. - Intraerythrocytic
crystals in a white patient with hemoglobin C in the absence of other types of
Cristais de hemoglobina C demonstraveis “in vivo” e “in vitro” em hemoglobinBlood, 9: 1172-1184, 1954.

pacientes ndo esplenectomizados )
7. FABRY, M.E.; KAUL, D.K.; ROVENTOS, Cet al - Some aspects of the pathophysiology

. . of homozygous Hb CC erythrocytek.clin. Invest., 67:1284-1291, 1981.
Estudamos 12 pacientes portadores de Hb C, sendo 4 homozigotos

Hb CC e 8 heterozigotos. 8. HIRSH, R.E.; LIN, M.J. & NAGEL, R.L. - The inhibition of hemoglobin C and crystallization
Observamos a presenca de cristais livres no sangue periférico dos by haemoglobin . biol. Chem., 263:5936-5939, 1988.
homozigotos e nenhum nos heterozigotos. Quando incubamos com NaCl HIRSH. R.E. WITKOWSKA. H.E.- SHAFER. Bt al - HbC d het )

o . . . ) ,R.E.; ,H.E.; ,Etal - compound heterozygotes
3%, detectgmos cristais quer nos_ heterozigotos, Hb AC e Hb SC, qlfam% [HbC/Hb Riyadh and HbC/Hb N-Baltimore] with opposing effects upon Hb C
nos h_om02|gotos,_l-|_b_C~C. No paciente 4 (P04) houve menor formacdo de  ystallization Brit. J. Haemat., 97: 259-265, 1997.
cristais devido a inibicdo pela Hb Fetal que se encontrava aumentada
(12,2%). 10. ITANO, H.A. & NEEL, J. - New inherited abnormality of hemogloBirac. nat. Acad. Sci.

Todos os pacientes homozigotos mostraram (Wash.), 36:613-617, 1950.
esplenomegaliade 3a 6 deo_los. Emltlmos a h_||c_)otese de que ocorra no_b?E%AMRA, M. & LORENZI, T.
um desgaste com o progredir da idade, permitindo a passagem dos cristais
para o sangue periférico. Este fato poderia estar associado a uma NAOUM, P.C. Hemoglobinopatias e talassemiasao Paulo, Sarvier, 1997.

insuficiéncia esplénica sem reduc¢éo do baco.
A presenca dos cristais no sangue periférico permitiu13- RANNEY, H.M.; LARSON, P.L. & McCORNACK JR., G.H. - Some clinical, biochemical and
genetic observations on hemoglobinXCclin. Invest., 32:1277, 1953.

-Baco. Rio de Janeiro, Medsi, 1988.

o diagnostico de Hb C mesmo sem a realizagdo da eletroforese de Hb.

14. ROZENBERG, G. Microscopic Haematology: a practical guide for the laboratory
Sydney, Harwood Acad., 1996.
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